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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] The present invention relates to catalysts for hydrocarbon conversion. More particularly, the invention relates 
to pillared clay catalysts for catalytic pyrolysis of heavy oil or residual feedstock to give the maximum yield of ethylene, 
propylene and butylene products and to their preparation method and application. 

w 

2. Description of Prior Art 

[0002] Light olefins, including ethylene as a principal variety of the kind, are important industrial chemicals, for which 
the demand is increasing steadily. In the prior art. ethylene was mainly produced by means of thermal cracking process 
15 from light oil feedstock, while propylene and butylene were mainly prepared by fluid catalytic cracking (FCC) process 
with solid acidic catalysts. 

[0003] Catalytic pyrolysis process (CPP) with heady oil or residual feedstock is actually an art of introducing catalyst 
into thermal cracking process. By the CPP process, heavy oil or residual feedstock can be converted into a relatively 
high yield of ethylene and propylene products at a reaction temperature lower than that of prior thermal cracking proc* 
20 ess. The catalysts used for catalytic pyrolysis process need to have not only the essential properties, such as good attri- 
tion resistance index and appropriate bulk density, possessed by the commercial FCC catalyst but also the disting 
wishing characteristics superior to the conventional FCC catalyst as follows: 

(1) High Hydrothermal Stability 

25 

[0004] The reaction temperature for conventional FCC process is 460'*C-520*C, and reaction for thermal cracking 
process is SSO'^C -800 ""C. Although the reaction temperature for CPP is lowered because of the use of the catalyst, it 
is still in the range of reaction temperatures for thermal cracking process. Therefore, the catalysts used for CPP need 
to have high hydrothermal stability. 

30 

(2) High converting activity for cracking heavy oil or residual feedstock 

[0005] As the CPP technique is a process of cracking heavy oil to obtain ethylene and propylene products, the cata- 
lysts used for the process need to have high catalytic cracking activity that can convert effectively heavy oil or residual 
35 feedstock into light olefins. 

(3) Good Ught Olefin Selectivity 

[0006] The catalysts used for CPP need to have high yields of ethylene propylene and butylene. low yield of dry gases 
40 and adequate coke yield to maintain thermal equilibrium of reaction and regeneration unit. 

[0007] The prior catalysts containing pillared clays reported in the literatures are all FCC catalysts used for cait)on- 
ium-ion reaction but none for the catalytic pyrolysis reaction. For example, a pillared clay catalyst reported in the Chi- 
nese patent of CN1107080A is for use in the conventional FCC process to yield more isobutene and Isoamylene 
products (MIO catalyst). In the catalyst of prior art. pillared rectorites prepared with a pillaring agent having a OH/AI 
45 gram mole ratio of 2.0 was used as activity component. Although the pillared day component could improve the activity 
of the catalyst, it had in the meantime an adverse effect on the attrition resistance of the catalyst, hence the content of 
pillared clay in said catalyst of the said patent is limited to less than 50 wt %. As the amount of the active component 
cannot be increased, consequently, the stable activities of the prior catalyst can hardly be improved. Also, in the patent 
the attrition resistance index data are not shown this implies that the attrition resistance of the prior pillared clay cata- 
50 lysts is inferior to commercial FCC catalysts. The prior catalysts are not catalytic pyrolysis catalysts with high stable 
activities and good attrition resistance index, therefore they cannot be commercialized. 

[0008] The Chinese patent 2L CN 9610341 1 .4 of the present applicant discloses a poly (vinyl alcohol) nx)dlfied pil- 
lared clay catalyst for yielding more light olefin products. However, it is rather a MIO catatyst used for conventional FCC 
process to produce isobutene and isomyalene, than catalytic pyrolysis catalyst used for CPP to produce ethylene and 
55 propylene. In the catalyst, polyvinyl alcohol-modified pillared clay vinyl alcohol can improve the activity of catalyst, but 
at the same time has negative effect on the attrition resistance index of the catalyst. In the patent there is also no data 
about attrition resistance index and catalytic pyrolysis properties of the catalyst, this inrplies that the catalyst does not 
possess good attrition resistance index and catalytic pyrolysis properties. It is impossible to withstand the severity of 
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GPP. Up to now the catalyst has not been commercialized. 

[0009] In the Chinese patent of Z L 92109775.1 the present applicant disclosed a CPP method for petroleum hydro- 
carbon, wherein a pillared day catalyst for conventional catalytic cracking process. CRP-1 (commodity trademark) cat- 
alyst and a mixed ture of the above two catalysts were used. Among them, said pillared clay catalyst was a pillared 
rectorlte catalyst containing 5 wt % USY molecular sieves prepared according to the process disclosed in Z L CN 
87104718. which was only a conventional FCC catalyst; and said CRP-1 catalyst of them was prepared by using high 
silicon pentasil structure zeolites containing rare earth in framework (CN 1058382A), which was also used in conven- 
tional FCC process to yield more light olefin products. Although the pillared day catalyst of the patent had an ethylene 
yield of over 20 wt% and the total CI -C; yields of around 50 wt% at an average reaction temperature of 700**C. it is 
not resulted from the catalyst after the deactivating treatment at 790 "C or 800 "C for 17 hours with 100 % steam; 
instead, it is only the performance of the catalyst treated at 760 ^C for 6 hours with 100 % steam, indicating that the 
hydrothermal stability of the catalyst is impossible to meet the severity of the CPR Up to now. no catalytic pyrolysis cat- 
alyst with good attrition resistance index, high hydrothermal stability and good selectivity to ethylene and propylene is 
reported in any prior arts. 

SUMMARY OF THE INVENTION 

[001 0] An object of the present invention is to provide a series of pillared clay catalysts that can be used in catalytic 
pyrolysis process for cracking heavy oil or residual feedstock to yield more ethylene, propylene and butylene products. 
The saW catalysts comprise pillared clays with high alkalized degree, molecular sieves, matrix, bonding agents and 
modifying compositions. The catalysts have excellent hydrothermal stability, high catalytic activity for converting heavy 
oil or residual feedstock, good selectivity to light olefins, adequate coke yield and attrition resistance index and apparent 
bulk density in accordance with demands of FCC catalyst as well. 

[0011] Another object of the present invention is to provide a method for preparation of the catalysts comprising the 
steps of mixing slurries of ail the components of said catalysts, spray drying to form microspheric shapes, preparing pil- 
laring agents with high alkalized degree, pillaring reaction and adding modifying components. 
[0012] A furttier object of. the present invention is to provide the use applications of the said catalyst products. TTie 
catalysts of the present invention are suitable for use as catalysts for hydrocarbon conversion, including CPP catalyst 
for produdng ethylene and propylene. MIO catalyst for maximum isobutene and isoamylene yields, and FCC catalyst 
for cracking heavy oil or residual feedstock into gasoline and light cycle oil. BesWes, the catalysts of the present inven- 
tion can also be used as adsorbents and catalyst supports. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 3] The catalysts of the present invention comprise the following compositions: 

1. 30-75 wt % pillared clay compositions prepared by aluminum pillaring agents of high alkalized degree; 
2. 1 0-40 wt % Bonding agent compositions of inorganic oxides 

3. 0-30wt% High silicon zeolites with pentasil structure or y-type zeolites or mixtures thereof. 

4. 0-1 0 wt % Modified compositions; and 

5. 0-50 wt % Kaolinite matrix compositions. 

[0014] Herein said pillared clay compositions with high alkalized degree are important active corrponents of the cat- 
alysts for converting heavy feedstode The special pillared day compositions have excellent hydrothermal stability. They 
are aluminum pillared days that take a polymerized aluminum chlorohydroxkie or aluminunvsol with a mole ratio of 
OH/AI up to around 2.5 as predecessor of propped pillars between two near 2:1 day layers. Herein said clays are 
selected from a naturally occurring or chemically synthesized group consisting of swelling regular Intersiratified mineral 
day and swelling single mineral day series induding rectorites and smectites, preferably rectorites and smectites fur- 
ther preferably rectorites. Their structural characteristics are described in the 2L CN 87104718. 
[001 5] Herein the said bonding agerits of inorganic oxides are formed by drying and caldnating sol or gel substances 
containing aluminum, dlicon, zirconium or mixtures thereof or the above mentioned substances modified by com- 
pounds containing phosphorus or polyethylene glycol. The said sol or gel substances are preferably aluminum-sol or 
pseudoboemite-sol or gel or the mixtures thereof, or that modified by polyethylene glycol. 

[0016] Herein the said high silicon zeolites of pentasil structure or Y-type zeolites are auxiliary active components 
used for promoting the selectivities to light olefins and the catalytic activities of catalysts. The high silicon zeolites of 
pentasil structure are selected from ZSM-5 or ZRP series, which have similar pentasil structures and high hydrothernial 
stability. The pentasil zeolites are preferably ZRP series zeolites or ZSM-5 zeolrtes the derivatives of ZRP modified by 
compounds containing phosphorus (P) or magnesium (Mg) or aluminum (AO or potassium (K) or tin (Sn) or the com- 
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pounds or mixtures thereof. The Y-type zeolites are selected from a group consisting of REY. USY. REUSY zeolites or 
their derivatives modified by the compounds containing R Mg, Al, K or Sa The Y-lype zeolites are able to enhance sta- 
bility and activity of the catalysts. 

[001 7] Herein the predecessor of the said modifying components are selected from a group consisting of compounds 
5 containing P or Mg, or Al or K or Sn or the mixtures or compounds thereof or polyethylene glycol. The modifying com- 
ponents containing P or Mg or Al or K or polyethylene glycol are used to improve the attrition resistance index and light 
olefin selectivity of the catalysts. The modifying components containing Sn can enhance hydrothermal 8tat3ility of the 
catalysts. 

[0018] Herein the said kaolinite matrix is preferably halloysites from kaolin family. 
10 [001 9] The catalysts of the present invention are prepared by the steps of mixing the pillared clay, bonding agent, zeo- 
lites and kaolinite matrix from kaolin family in the desired amounts to obtain a slurry, spray drying to form microspheric 
shapes, pillaring reaction and adding modifying components. The detailed preparation steps are as follows: 

1. Mixing and spray drying to form microspheric semi-finished products 

IS 

[0020] 

(1) Changing Ca-type swelling mineral clays as starting raw into Na-type or RE-type swelling mineral clays by 
means of conventional ion exchange method; 
20 (2) Mixing the Na or RE-type swelling mineral clays, predecessor of bonding agents, zeolites, kaolinite matrix from 
kaolin family and delonized HgO in preset amounts quired quantity and spray-drying to form microspheric semi- fin- 
ished products. 

2. Pillaring Reaction arxl Aging Process 

25 

[0021] 

(1) Detuting commercial available aluminum-sol or polymerized aluminum chlorohydroxide prepared by prior 
method (according to USP 4,1 76.090 or USP 4.248,739) to 10-100 mmol Al/L and then aging at 65-75 **C for 2-12 

30 hours and holding pH of 5-6 by dropwise addition of NH4OH or NaOH aqueous solution as need, and then aging 
the resulting solution at room temperature for 2-12 hours. Thereby the high alkalized pillaring agent with OH/AI 
mole ratio of 2.5 is successfully obtained. 

(2) Adding the RE-rectorites or Na-rectorites to the pillaring agent according to load ratio of 2.0- 10.0 milligram 
atom aluminum per gram clay and aging the reaction mixtures at 65- 75 °C for 2-3 hours while holding the pH of 5- 

35 6 by dropwise addition of NH4OH aqueous solution. Followed by filtering, washing and drying by conventional 
method and calcinating at 650''C for 1 -3 hours. 

3. Adding the Modifying Components 
40 [0022] 

(1) Polyethylene glycol, as a modifying component, can be added at the mixing slurry step before spray drying or 
at pillaring reaction or aging process after spray drying to form microspheric shapes. 

(2) Compounds containing P or Mg or Al or K or Sn, as modifying components, can be added to the catalysts by 
4S impregnating zeolites before mixing and spray drying or impregnating microspheric catalysts after pillaring reaction 

and calcination with solutions containing the above modifying components. The impregnating solution contain the 
modifying components with a concentration of 0.1 -5 gram per liter. 

[0023] Herein said pillared clays, as starting raw. a naturally occurring or chemically synthesized group of swelling 
so regular interstratrfied mineral clays, including rectorites or swelling single mineral clay sequences including smectites. 
The said clays are preferably rectorites or smectites whose structural characteristics are shown in the ZL CN 871 0471 8. 
[0024] The said bonding agents are inorganic oxides formed by drying and calcinating sol and gel substance, which 
is selected fmm sol and gel substance containing aluminum or silicon or zirconium, or mixture thereof, or derivatives 
thereof modified by phosphorus-containing compounds or polyethylene glycol, preferably selected from alumnium-sol 
55 or pseudoboemite-sol or gel or mixture thereof or derivatives thereof modified by polyethylene or combination thereof. 
[0025] Herein the said modifying components are preferably selected from a group consisting of commercial available 
phosphates containing Mg. Al, K or SnClg aqueous solution with chlorhydric acid or compounds formed by reacting 
phosphoric acid (H3PO4} with MgCOhQs . Mg(A)2 , MgCl2 or KOH or aluminum-sol. 
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[0026] The outstanding features of the present invention as compared with the prior arts are as follows: 

1. The catalyst products provided by the present Invention have the best ingredients and performance in the cata- 
lytic pyrolysis catalysts. The special pillared clays with high alkalized degree (OH/AI ratio of around 2,5) in the ingre- 

5 dients of the catalysts are adopted as prindpal active conrponent They have excellent hydrothermal stability high 
catalytic activity for cracking heavy oil or residual feedstock and low hydrogen transfer activity that are advanta- 
geous to retain the olefins. So, the catalysts provided by the present invention are much better than Y-zeollte cata- 
lysts used currently extensively in most refineries in respect of meeting the requirement of catalytic pyrolysis 
process. The ZRP or 2SM-5 series zeolite impart the said catalysts much better light olefin selectivity than that of 

10 the conventional aacking catalysts. Especially when, ZRP series or ZSM-5 zeolite compositions are used in com- 
bination with modifying components light olefin yield and hydrothermal stability can be further enhanced as well. 
So, after severe hydrothermal deactivating treatment the products of the present invention retain still high light ole- 
fin yield. Also, owing to the use of bonding agents modified by polyethylene glycol or compounds containing phos- 
phorus in preparation of the catalysis, the good attrition resistance index of the catalyst is easily obtained. 

75 Therefore, in the case of inaeasing the contents of pillared clays and zeolites in the catalysts, the catalysts can still 
maintain adequate attrition resistance index as good as commercial catalysts. The rational ingredients of the cata- 
lysts in the present invention result in excellent performances of the catalyst. After aging and deactivating treatment 
at 790 **C for 14 hours with 100% steam, the said catalysts give an ethylene yield of 21.2 wt%, a propylene yield of 
22.2 wt%, and the total C| -C4 yields of 54.0 wt% under the evaluation conditions of an average reaction temper- 

20 ature of 700*0, catalyst to oil ratio of 1 0, weight houriy space velocity (WHSV) of 1 0 hours*^ . water injecting quantity 
to feedstock of 80wt%. However, only under easing deactivation treatment conditions into steaming treatment at 
760°C for 6 hours can the prior catalyst give an ethylene yield of 21.0wi%, a propylene yield of 18.0 wt%, and the 
total C 2 -C 4 yields of 50 wt%. Apparently, the catalysts of the present invention have stable activity and light olefin 
selectivity much better than that of prior catalysts. 

25 2. The catalyst products of the present invention have extensive uses in the petroleum refining industry. They can 
be used as catalysts of hydrocarbon conversion, such as catalytic pyrolysis catalyst (CCP-Catalyst). maximum 
isomerization olefin catalyst ( MIO-catalyst) and fluid cracking catalyst ( FCC-catalyst). The catalysts of the present 
invention may be combined with various other elements by impregnating method to meet the need for special cat- 
alysts. The said catalysts can also be combined with other catalysts for use In some processes of specific objects. 

30 The said products can also be used as adsorbents and carries. However, they are especially suitable to be used as 
catalysts in catalytic pyrolysis process for cracking heavy oil to give the maximum yields of ethylene, propylene and 
butylene products. 

3. Preparing procedures provided by the present invention are easy to be put into effect in commercial scale. In the 
prior preparing method of first spray drying to form microspheric shapes and then pillaring reaction 

35 (ZLCN871 05686). due to the effect of reversible solubility of Al-sol bonding agent on attrition resistance index of 
microspheric catalysts, after pillaring reaction have attrition resistance index of tine catalysts is usually lower than 
that of samples before pillaring reaction. In the preparing method of the present invention, new techniques of add- 
ing polyethylene glycol to pillaring agent or impregnating zeolites or catalysts with compounds containing phospho- 
rus are adopted. The modifying components contribute to the improvement in tiie properties of Al-sol or Al-gel 

40 bonding agents. As a result, the attrition resistance index of the catalysts is improved to the level of commercial cat- 
alyst The said method disclosed by the present inventton is easy to operate and to be carried out in commercial 
scale. 

[0027] The present method for promoting attrition resistance index of catalysts by adding polyethylene glycol or phos- 
45 phorous-containing compounds is also suitable for preparing other microspheric catalysts containing Al-sol or Al-gel. 
[0028] The following specific examples will give furtiier illustration of the present invention, but they do not limit tiie 
scope of the present invention. 



so 



EXAMPLE 1 



[0029] This example indicates that the catalysts prepared by the method of the present invention have better perform- 
ance than that of the prior catalysts in the catalytic pyrolysis process. 

[0030] The naturally occurring Ca-type rectorites were eoverted into RE-type rectorites in conventional ion-exchange 
method under the operational conditions at room temperature for an hour according to loading weight ratio of Ca-rec- 
55 torite : RECI3 : deionized HgO =1 : 0.05 : 10. 

[0031 ] The ZRP-1 zeolites (products of Shandong Zhoucun catalyst factory ) were impregnated with an aqueous solu- 
tion containing Mg(0H)2 of 0.2 wt% and H3PO4 of 0.84 wt% for 1 5 minutes, then filtered and dried. Thereby ZRP-1 zeo- 
lites modified by compounds containing phosphorus and magnesium was obtained. 
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[0032] 7.75 Kg RE-type rectorites having the solid content o1 64.5wt%, 7.4Kg pseudoboehmite Al (0H)3 containing 
AI2O3 of 33.7 w1 %, 4.1 Kg slurry of said modified ZRP-1 zeolites with a solid content of 36 wt %, 0.62 Kg halloysites 
having solid content of 81 wt%, 0.69Kg commercial available HCI and 18Kg deionized H2O were mixed stirred and 
spray dried according to the conventional method of preparation miaospheric catalysts. Thereby microspheric semi-f in- 
5 ished products containing rectorites of 50 wt % ZRP-1 zeolites of 1 5 wt %, AI2O3 formed from pseudoboehmite bonding 
agent of 30 wt % and halloysites of 5 wt % was obtained. 

[0033] The aluminum-sol with AI2O3 content of 21.8 wt % (products of Shandong Zhoucun catalyst factory) was 
diluted with deionized H2O to 98.6 milligram-atom aluminum per liter. The diluted solution was adjusted to pH of 5-6 with 
3% NH4OH and was aged at 70*»C for 2.5 hours holing the pH of 5-6. The resulting solution was cooled overnight at 

10 room temperature. Thereby the AL pillaring agent with high alkalize degree was obtained. 

[0034] 1 . 1 kg microspheric semi-finished products was added to 1 9 L aluminum pillaring agent. The mixed slurry was 
aged at 70"C for 2.5 hours while holding the pH of 5-6 with 3% NH4OH so that pillaring reaction and aging process were 
finished. Followed by filtering, washing, drying by the conventional method and calciniting for 2 hours at 650 '^C . 
Thereby the pillared rectorite catalysts containing pillared rectorites of 50 wt%. ZRP-1 zeolites of 15 wt %, AL2O3 bond- 

15 ing agent of 30 wt % provided in pseudoboehmite and halloysites of 5 vtft % were obtained (called as sample B). 

[0035] The chemical conrponents of catalysts B measured by standard chemical method are listed in Table 1. The 
BET surface areas, pore volumes of the catalysts measured from low temperature N2 adsorption method and the attri- 
tion resistant Index measured by fluidized attrition method are listed in Table 2. Catalytic pyrolysis characteristics of the 
sairples were evaluated by a fixed fluidized bed with operation conditions of Daqing paraffin with boiling range of 350- 

20 500**C, average reaction temperature of 700*C, catalyst to oil ratio of 10. WHSV of 10h"\ water-injecting quantity to } 
feedstock of 80 wt %. The results are listed In TabI e 3. The samples were deactivated at 790°C for 1 4 hours with 1 00% 
steam before evaluation. The data of the previous catalyst A in the patent of ZL CN920775.1 evaluated by the same 
evaluation conditions as compared with samples B in present invention were also listed in Table 3. 
[0036] The data in Table 2 and Table 3 indicate that the catalysts of the present invention have qualified standard attri- 

2S tlon resistant index, apparent bulk density and good catalytic properties. After deactivated treatment at 790*'C for 
1 4hours with 1 00% steam the catalysts have the ethylene yield of 21 . 1 6 nrt%. propylene yieU of 22.1 8 m% and the total 
yields of the ethylene propylene and butylene of 53.96 m%. However only under easing deactivate treatment conditions 
into steaming treatment at 760^C for 6 hours can previous catalysts have ethylene yield of 21 .12 m% propylene yield of 
18.01 m% and the total yields of ethylene propylene and butylene of 50.18 m%. Obviously, the catalytic activity, hydro- 

30 thermal stability and tight olefin selectivity of the catalysts in the present invention are much better than that of the pre- 
vious catalysts. 



Table 1 



Components 


NagO 


CaO 


FesOa 


ResOa 


AI2O3 


Si02 


Others 


Content wt% 


1.03 


0.23 


0.47 


1.40 


50.7 


37.6 


8.57 



40 

Table 2 



Specific Area m^/g 


Pore volume ml/g 


Attrition Resistant 
Index % 


Apparent Bulk Den- 
sity g/mt 


Fresh 


Steaming 
800°C/4hrs 


Fresh 


Steaming 
aoO^-CMhrs 






200 


137 


0.16 


0.17 


2.3 


0.89 



so 
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Tables 





Average reaction temperature : 700°C 


5 


Qamnloc 


invention 


The Prior catalyst A 




Deactivating conditions 


Steaming at TSO^'C, 
100% steam for 14 hours 


Steaming at760°C for 6 
hours 


10 


Product yield wt% 








Gas 


71.56 


65.84 




Gasoline 


11.87 


21.64 


IS 


Light cycle oil 


4.77 


2.69 




Heavyoil 


2.54 


0.92 




Coke 


9.20 


8.91 




Total 


100.0 


100.0 


20 


Olefin yield wt% 








Ci Ci 


21.16 


21.12 




Cs 


22:18 


18.01 


25 


C4 


10.62 


11.05 




sci-c; 


53.96 . 


50.18 



30 



95 



40 



46 



SO 



EXAMPLE 2 

This example shows that the catalysts modified by composition cantaining P and Mg composition of the present inven- 
tion have high attrition resistant index, hydrothermal stability and light olefin selectivity. 

[0037] The microspheric catalysts B containing pillared interlayer rector'rtes of 50 wt %. ZRP-1 zeolites of 15 wt %» 
AlaOs fbmied by seudoboehn^e bonding agent of 30 wt % and halloysites of 5 wt % were prepared by method 
desaibed in the example 1 . 

[0038] 192 ml commercial available H3PO4 (H3PO4 < 85 wt %) and 40g Mg(0H)2 were added to 40L deionized HgO. 
The mixtures were stirred till Mg(OH)2 was dissolved completely. 

[0039] 1 . 1 Kg microspheric catalysts B were added to the above solution containing phosphorus and magnesium, the 
mixtures were stin-ed lor 15 minutes at room temperature, filtered, and dried at 120''C. Thereby the catalysts modified 
by phosphorus and magnesium were obtained (abt»reviated catalyst C ). 

[0040] The attrition resistant index and apparent bulk density of the samples measured according to methods 
desCTbed in example 1 are listed in Table 4. Catalytic characteristics of the samples were evaluated by fixed fluidized 
bed with same operation conditions as the example 1 except average reaction temperature of 680°C. The results are 
listed In Table 5. The samples were deactivated at 800''C for 17 hours with 100% steam before evaluation. In order to 
comparison with prior catalysts, the data of the catalysts A in the previous ZL CN 921 09775.1 evaluated under the same 
evaluation conditions are also listed in Table 5. 

[0041 ] The results in Table 4 and Table 5 show that attrition resistant index and catalytic properties of the catalysts in 
the present invention are both improved evidently. When average reaction temperature is 680*C the catalysts treated 
at 800*C for 17 hours with 100% steam in the present invention have still Cl yield of 19.5m%. Ci - Cl yields of 
52.45ni%. versus C i yields of 1 8.34m% and C 1 - C 4 yields of 46.07m% by previous catalysts only under easy deac- 
tivated conditions into steaming testament at 760*'C for 6 hours. It indicated that the light olefin selectivity of the cata- 
lysts in the present invention is much better than that of the previous catalysts. 



55 



7 




EP 0 925 831 A2 



Table 4 



Before impregnated with solution containing Mg and P 


After impregnated with solution containing Mg and P 


Attrition resistant index % 


Apparent bulk density 
g/ml 


Attrition resistant index 


Apparent bulk density 
g/ml 


3.6 


0.89 


2.0 


0.89 



Tables 



Average reaction temperature : 680^0 


Samples 


Catalyst C of the present 
invention 


The Previous catalyst A 


Deactivating conditions 


Steaming at 800°C for 1 7 
hours 


Steaming at 760*C for 6 
hours 


Product yield m % 






Gas 


67.26 


66.70 


Gasoline 


15.02 


12.27 


Light cycle oil 


5.74 


4.68 


Slurry 


4.58 


2.93 


Coke 


7.40 


13.49 


Total 


100.0 


100.0 


Olefin yield m% 






CS Ci 


19.50 


18.34 


CS 


21.58 


17.49 


CI 


11.37 


10.43 


res -c; 


52.45 


46.07 



40 Example 3 

[0042] This example indicates that catalysts modified by composition containing tin prepared by the method in the 
present invention have high hydrothermal stability and light olefin selectivity. 

[0043] The microspheric catalysts B containing pillared interlayer rectorite of 50 wt ZRP-1 zeolites of 15 wt %. 
45 AI2O3 formed from pseudoboehmite bonding agent of 30 wt % and halloysites of 5 wt % were prepared according to 
the method described in example 1 . 

[0044] 550mL SnCL2 HCL aqueous solution with Sn concentration of 2.9g/L was diluted with detonized HgO to 5L 
550g microspheric catalysts B calcined for 2 hours at eSO^'C were added to the tin solution. The slurry of mixture was 
stirred for 15 minuets at room temperature and then filtered, washed out free Cr\ The filter cake was slurried with 18L 
so deionized H2O again. The pH of the mixture slurry was adjusted to5-6 with 3% NH4OH. The resulting slurry was aged 
at 70*'C for 2.5 hours and holding the pH within the range of 5-6 and then filtered, dried. Thereby the catalysts modified 
by tin were obtained ( called as sample D). 

[0045] The results of catalytic characteristics evaluated by a fixed f luidized bed lor the samples before and after mod- 
ification by tin are listed In Table 6. Deactivating conditions of the samples before evaluation and evaluation reaction 
65 conditions are the same conditions as example 2. 

[0046] The data in Table 6 show that after deactivating treatment at eoO'^Cfor 1 7 hours with 1 00% steam, the catalysts 
D modified by tin have conversion of 88.36 m%, cracking gas yields of 65.14 mi% versus conversion of 85.59m% and 
cracking gas of 63.76nrt% by the unmodified sanples indicating that catalysts modified by tin have good hydrothermal 
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stability. 



Table 6 



5 


Average reaction tenrperature : 680''C 




Samples 


The sample D modified 
by tin 


Unmodified sanple 6 


10 


Deactivating conditions 


Steaming at SOO^'Cfor 17 
hours 


Steaming at 800*C tor 1 7 
hours 




Conversion m % 


Aft 

OD.OD 






Product yield m % 








Gas 


65.14 


OO. /D 


IS 


Gasoline 


13.38 


I4.01 




1 tnht f*\tt*\ei nil 


6.59 


7.57 




Slurry 


5.05 


6.84 


20 


Coke 


9.84 


7.32 




Total 


100.0 


100.0 




Olefin yield ni% 






2S 


CI 


18.29 


17.94 


Ci 


20.10 


20.24 




03 


10.97 


10.89 




iGi ~ c; 


49.36 


49.07 



30 

Example 4 



[0047] This example indicates that the catalysts modified by phosphorus and aluminum in the present invention have 
hydrothemial stability, light olefin selectivity, and attrition resistant index better then that of unmodified samples. 
35 [0048] The microspheric catalysts B containing pillared Interlayer rectorftes of 50 wt %. ZRP-1 zeolites of 15 wl %. 
AI2O3 bonding agent formed from pseudoboehmite of 30 wl % and halloysiles of 5 wt % were prepared according to 
the method described in example 1 . 

[0049] 2L aluminum-sol containing AI2O3 of 21 .8%wt and 1 0OmL commercial available H3PO4 with 8L deionized HgO 
were mixed. IKg the microspheric catalysts B calcined for 2 hours at 650°C were added to above solution of aluminum 
40 phosphate. The resulting slurry was stirred for 1 5 minutes, filtered and dried. The catalysts modified by phosphorus and 
aluminum provided in the present invention were obtained ( called as sample E ). 

[0050] The data about attrition resistant index, microactivity for cracking light oil and for craddng heavy oil of the mod- 
ified and unmodified samples are listed in Table 7. The samples were deactivated at 800*^0 for 4hour5 with 100% steam 
before the evaluation. Evaluation conditions of feedstock of Dagang light diesel oil with boiling range from 22rC to 349 

4S <»C, reaction temperature of 500 "C, catalyst to oil ratio of 3.2. WHSV of 1 6 h*^ were used for evaluating microactivity for 
cracWng light oil. The operation conditions of feedstock of Shengli vacuum paraffin with boiling range of 239-537'^C. 
reaction temperature of 520*C, catalyst to oil ratio of 3, WHSV of leh"^ were used for evaluating catalytic activity for 
cracking heavy oil. The results evaluated by fixed f luidized bed lor catalytic characteristics of the samples are listed in 
Table 8. Deactivating conditions of the sanples before evaluation and evaluation reaction conditions are same condi- 

so tions as the example 2. 



Table 7 





Catalysts 


Sample E modified by 


unmodified Sample B 


55 




phosphorus and alumi- 








num 






Attrition resistant index % 


2.1 


3.3 
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Table 7 (continued) 



Catalysts 


Sample E modified by 
phosphorus and alumi- 
num 


unmodified Sample B 


Microactivity for aacking light gas oil m% 


74 


69 


Microactivity for cracking heavy oil ni% 


76.4 


72.7 



10 



Tables 





Average reaction temperature : 680'*C 


IS 


Sanfiples 


The sample E modified 
by phosphorus and alu- 
minum 


The sample B unmodi- 
fied 










20 


Deactivating conditions 


Steaming at 800°C for 1 7 
hours 


Steaming at SOO'^C for 1 7 
hours 




Conversion m % 


88.99 


85.59 


25 


Product yield m % 






Gas 


65.93 


63.76 




Gasoline 


14.36 


14.51 




Light cycle oil 


6.11 


7.57 


30 


Slurry 


4.90 


6.84 




Coke 


8.70 


7.32 




Total 


100.0 


100.0 


35 


Olefin yield m% 

C2 


18.40 


17.94 




CS 


20.61 


20.24 




c; 


11.10 


10.89 


40 


ECl -CJ 


50.11 


49.07 



[0051] The data in Table 7 and Table 8 show that attrition resistant index, hydrothermal stability and light olefin selec- 
tivity of the catalysts E modified by phosphorus and aluminum have been improved 

45 

Example 5 

This example shows that according to the method in present invention adding polyethylene glycol to catalysts can effec- 
tively improve the attrition resistant index of the catalysts on premise of keeping original high cracking activity and 
so hydrothermal stability of the catalysts. 

[0052] The microspheric semi-finished product containing rectorites of 50 wt%. 2RP-1 zeolites of 15 wt %, AI2O3 
formed from pseudoboehmite of 20 wrt %, AL2O3 provided by aluminum-sol bonding agent of 1 0 wt% and hallpysites of 
5 wt % were prepared by means of the method described in example 1 . 

[0053] According to method in example 1 the pillaring agent was prepared. Followed by adding the commercial avail- 
55 able polyethylene glycol and semi-finished product in amounts of 0.005 gram polyethylene glycol per gram rectorite 
clays. The reacting mixtures were aged, f iltered, washed, dried and calcined for 2 hours at SSO^^C according to the pro- 
cedures of example 1 . Thereby the catalysts modified by polyethylene glycol were obtained (called as sample F). 
[0054] In order to prepare an unmodified catalyst for comparison, the aluminum pillaring agent was prepared accord- 
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ing to same procedures as samples F except that no polyethylene glycol is added. 

[0055] The attrition resistant index and microactivity for cracking heavy oil of the samples modified and unmodified 
are listed in Table 9. The samples were deactivated at 800'C for 4 hours with 100% steam before evaluation. The eval- 
uation conditions are the same conditions as example 4. 
5 [0056] The data of Table 9 indicate that the attrition resistant index of the catalysts modified by polyethylene glycol is 
improved obviously in the case of keeping original high cracking activity and hydrothermal stability of catalysts. 



Table 9 



Catalysts 


Sample F modified by 
polyethylene glycol 


unmodified Samples 


Attrition resistant Index before pillaring reaction and washing % 


1.8 


1.8 


Attrition resistant index after pillaring reaction and washing % 


1.7 


3.3 


Microactivity for cracking heavy oil m% 


67.0 


68.2 



Example 6 

) 20 [0057] This example indicates that when ZSM-5 zeolites are used as one of the activity components of catalysts in 
the present invention the said catalysts can also yield high C2 ~ C4 products. 

[0058] Using H2SM-5 zeolites (products of Shandong Zhoucun catalyst factory) instead of the ZRP-1 zeolites as the 
component of catalysts in exanrple 1 and no adding halloysite component a microspheric semi-finished products con- 
taining rectorites of 50 wt %. HZSM-5 zeolites of 20 wt %. pseudoboehmite AI2O3 bonding agent of 30 wt% were pre- 
25 pared by method described in example 1 . 

[0059] The microspheric semi-finished products were added to aluminum pillaring agent. The resulting slurry was 
aged, f iltered, washed, dried and calcined according to the procedures of example 1. The pillared day catalysts con- 
taining ZSM-5 zeolites were obtained (called as catalysts Q). 

[0060] The catalytic characteristics of samples G were evaluated by a fixed f tuldized bed according to operation con- 
30 ditions of Daging paraffin feedstock, average reaction temperature of 700*»C. catalyst to oil ratio of 6. WHSV of 10h'\ 
water injection quantity to feedstock of 80 wt %. The results are listed in Table 10. The samples were deactivated at 
790**C for 1 4 hours with 1 00% steam before evaluation. 

[0061] In order to compare with prior catalysts, the catalytic characteristic evaluated under the same conditions for 
industrial equilibrium catalysts containing ZSM-5 zeolites (commodity trademaric CHP-1) are also listed In Table 10. 



40 
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Table 10 



Average reaction temperature: 700''C 


Catalysts 


Catalysts G containing 
ZSM-5 zeolites in 

|JI COCI II II IVCi lilUI 1 


Prior catalysts CHP-1 
containing ZSM-5 zeo- 
lites 


Deactivating conditions 


oteameu a i / o lor i 
hours 


inuusiriai equiiiuiiurn 
catalysts 


Product yield ni% 






Gas 


67.59 


62.75 


Gasoline 


15.26 


24.81 


Light cycle on 


4.66 


4.51 


Slurry 


3.71 


1.56 


Coke 


8.78 


6.37 


Total 


100.0 


100.0 


Olefin yield ni% 






Cz CI 


16.93 


17.25 


cs 


22.01 


18.91 


C4 


13.16 


12.11 


zci - cs 


52.10 


48.27 



30 [0062] The data of Tatile 10 demonstrate that the C2 - CS yields of the PIR catalysts Q containing 2SM-5 zeolites 
are higher than that of the CHP-1 though deactivation conditions of the catalyst G are more severer than that of indus- 
trial equilibrium catalysts CHP-1. 

Example 7 

35 

[0063] This example shows that pillared clay catalysts without any zeolite activity composition provided by present 
invention still have high ethylene yield. 

[0064] According to the procedures of example 1 mtcrospheric semi-finished products containing rectorites of 75 wt 
% and AI3O2 bonding agent of 25 Vil % were prepared by mixing raw clay of 75 wt %. AI3O2 provided by aluminum -sol 
40 of 20 wt% and AI2O3 formed from pseudoboehmite of 5 wt %, stirring and spray drying to take microspheric shapes. 
The microspheric shape samples were further dried at 300**C for 0.5 hours. 

[0065] The above microspheric samples were pillared with Al-pillaring agent and then aged, filtered, washed, dried 
and calcined acxording to method described in example 1. The microspheric catalysts for increasing light olefin prod- 
ucts that contain pillared interlayer clays of 75 wt %. AI2O3 bonding agent of 25 wt % were obtained (called as catalyst 

45 H). 

[0066] Catalytic pyrolysis characteristics of the samples H evaluated by using conditions in example 4 are listed in 
Table 1 1 . The samples were treated at 790*'C for 1 4 hours with 1 00% steam before evaluation. 
[0067] The results from Table 1 1 show that although the deactivated conditions of 790''C for 14 hours with 100% 
steam for the catalyst H is more severer than that of CHP-1 equilibrium catalysts its ethylene yield (18.48m%) is higher 
so than that (1 7.25m%) of the CHP-1 In Table 10. 



55 
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Table 11 



Product yield m% 


Olefin yields m% 


Gas 


Gasoline 


LCO 


Slurry 


Coke 


Total 


CI 


C3 


Ca 


rci - 
c; 


65.33 


17.86 


4.38 


2.63 


9.80 


100 


18.85 


17.21 


11.40 


47.46 



10 



Example 8 



IS 



20 



[0068] This example indicates that catalysts provided by present invention can be used as not only catalytic pyrolysis 
catalysts but also maximum Isomeric olefin (MIO) catalysts, 

[0069] The catalytic pyrolysis catalysts containing pillared interlayer rectorites of 50% wt, ZRP-1 zeolites of 15%wt, 
AI2O3 bonding agent of 30%wt and halloysites of 5 wt % were prepared by the method described in example 1. The 
catalytic aacWng properties of the samples for cracking heavy oil were evaluated by microactivity test unit with opera- 
tion conditions of feedstock of Shengli vacuum paraffin with a boiling range of 239-537*'C, reaction temperature of 
520°C, catalyst to oil of 3.2, WHSV of 16h'''. The results are listed in Table 12. The samples were deactivated at 800°C 
for 4 hours with 100% steam before evaluation. In order to compared with prior MIO catalyst the isomeric olefin selec- 
tivity of typical Industrial catalysts (commodity trademark: CRP-I) evaluated In the same conditions are also listed in 
Table 12. 

I007D] The results of Table 1 2 show that catalytic pyrolysis catalysts prepared by method described in examplel have 
iso-butene and iso-amylene yields much better than that of prior catalysts CRP-1 in catalytic cracking process. In other 
word, the catalysis of present invention can be used as not only catalytic pyrolysis catalysts bud also MIO catalyst for 
maximizing iso-butene and iso-amylene production 



30 



3S 



40 



45 



SO 



55 
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Table 12 





Reaction temperature:520*'C 


5 


Samples 


The catalysts B in 

nrAconf ini/ontinn 

pi tSOCl 11 1 1 1 Vd IIIUI 1 


Prior catalysts CRP-1 




Deactivating conditions 


oteaming at ooo^u tor 4 
hours 


inousiry equiiiuriurn cai* 
alysts 


10 


Conversion m % 


68.2 


56.0 




Product yield m % 








Gas 


39.9 


29.3 


IS 


Coke 


1.8 


1.7 






26.5 


25.0 




LlleSel 


17.9 


18.4 




oiurry 


13.9 


25.6 


20 


Oletin yield m% 








Ci 


1.44 


0.98 




CI 


14.43 


9.98 


25 


c; 


15.39 


11.73 




Cs 


7.30 


6.70 




rC2 -Cs 


38.56 


29.39 




Isomeric olefin yield m% 






30 


ic; 


6.29 


4.64 




iCS 


5.08 


4.69 




ric; -iCs 


11.35 


9.33 



35 

Example 9 



[0071 ] This example indicates that a fluid cracking catalyst lor converting heavy oil Into more gasoline and light cycle 
oil can be prepared by method of the present invention when ingredient was adjusted in the range he present invention. 
40 [0072] According to loading weight ratio of REUSY zeolites : KH2PO4 : deionized H2O =1 : 0.88 : 15. REUSY type 
zeolites (products of Shandong Zhoucun catalyst factory ) was modified by compounds containing phosphorus in the 
conventk)nal ion exchange method. The modified REUSY zeolites contain P of 3.5 wt % and KgO of 2.1 wt %. 
(0073] Using REUSY zeoIHes modified by KH2PO4 instead of the ZRP-1 zeolites and adjusting ingredient in exampie 
1 a FCC catalyst was prepared by metiiod described in example 1. The miaospheric catalyst contains pillared inter- 
ns layer rectorite of 60 wt %, modified REUSY zeolites of 16 wt %, AI2O3 formed from pseudoboehmrte bonding agent of 
25 wt %. It is called as sample I. 

[0074] The chemical components and physical properties of the catalysts measured by method described in example 
1 are listed in Table 13 and Table 14. Microactivity of cracking heavy oil at different reaction temperature for the samples 
were evaluated by method in example 4 with evaluation conditions of 923VGO feedstock witii boiling a range of 227 - 

so 475**C, catalyst to oil of 3.2, WHSV of 16h'\ reaction temperature of 482*»C or 520"C. The results are listed in Table 15 
and Table 1 6. The samples were deactivated at SOO'^G for 4 hours with 1 00% steam before evaluation. 
[0075] The data in Table 15 show that although the catalyst I of present invention contains zeolite content which is 
lower than that of prior commercial FCC catalysts, it has still high total conversion, low bottom and high gasoline yields. 
The results in Table 1 6 indicate furtfier that when catalysts I contains same zeolite content as the prior commercial RHY 

55 catalysts the pillared clay catalysts I of the present invention have catalytic aacking activity, selectivities of gasoline and 
light cycle oil much belter than that of the prior catalysts. Obviously, the pillared interlayer catalysts of the present inven- 
tion are a class of new cracking catalysts tiiat can effectively convert heavy oil into maximum gasoline and light cycle 
oil products. 
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Table 13 



Components 


NagO 


CaO 


FegOa 




MgO 


AI2O3 


SIO2 


P 


K2O 


Content m% 


0.95 


1.70 


0.44 


1.30 


0.15 


55.7 


38.8 


0.57 


0.63 



Table 14 



Surface Area m^/g 


Pore volume ml/g 


Attrition Resistant 
Index % 


Apparent Bulk Den- 
sity g/ml 


Fresh 


Steaming 
800«C/4hrs 


Fresh 


Steaming 
SOO^'CMhrs 






250 


132 


0.17 


0.15 


2.3 


0.76 



) 20 



Table 15 



Reaction Temperature : 482*'C 




Catalysts 


Conversion m% 


Product yield iti% 


Light oil yield m% 






Gas 


gasoline 


LCO 


bottom 


coke 




Catalyst 1 in present inven- 
tion containing REUSY d 
15% 


70 


13.4 


52.9 


21.5 


8.1 


3.8 


74.4 


Prior commercial catalyst 
containing USY of 35% 


66.9 


14.4 


50.8 


22.8 


10.6 


1.7 


73.6 



Table 16 



Reaction Temperature : 520*'C 


Catalysts 


Conversion m% 


Product yield ni% 


Light oil yield rn% 






Gas 


gasoline 


LCO 


bottom 


coke 




Catalyst 1 in present inven- 
tion containing RHY of 15% 


78 


16.3 


56.4 


16.8 


5.2 


5.3 


73.2 


Early commercial catalysts 
containing RHY of 15% 


70.9 


20.2 


47.9 


15.3 


13.8 


2.8 


63.2 



50 

Example 10 

[0076] This example shows that the pillared clay catalysts prepared according to the method in present invention that 
contain 2RP-1 and REUSY zeolites modified by compounds containing phosphorus have not only qualified standard 
55 attrition resistant index and apparent bulk density, but also high catalytic activity, excellent hydrothermal stability and 
good light olefin selectivity in fight olefin production. 

[0077] According to loading weight ratio of zeolites : KH2PO4 : deionized HgO «1 : 0.088 : 15, the ZPP-1 and the 
REUSY zeolites were respectively modified by conventional ion exchange method with operation conditions of 90'C for 
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1 hour and holding ihe pH within a range 3.0-3.5. Thereby modified ZRP-1 containing P of 1.9 wt%, K2O of 1.1 wt% 
and modified RE-USY zeolites containing P of 3.5 wt%, K2O of 2.1 wt % were respectively obtained. 
[0078] 3.9Kg RE-type rectorite clays having the solid content of 63.5 wt %, O.SKg modified ZRP-1 zeolites with the 
solid content of 93.5 wt %, 0.28 Kg modified REUSY zeolites containing the solid content of 91 .0 wt %, 4.5Kg pseudo- 

5 boehmite having the AI2O3 content of 33.33 wt %. 0.35Kg HCL (commercial available] and 8.2Kg deionized H2O were 
mixed stinted and spray dried to tai<e microspheric shapes by the method described in example 1 . Followed by pillaring 
reaction according to the method In example 1 . The microspheric pillared day catalysts containing pillared interlayer 
rectorites of 50 wt %. modified ZRP-1 zeolites of 15 wt %. modified RE-USY zeolites of 5 wt %, AI2O3 bonding agent 
formed from pseudoboehmite of 30 wt % were obtained (Called as sample J). The chemical components of the catalyst 

10 measured by the standard chemical method are listed in Table 17. 



Table 17 



Components 


NagO 


CaO 






MgO 


AI2O3 


SiOg 


P 


K2O 


others 


Content m% 


0.86 


1.50 


0.41 


0.57 


0.24 


58.1 


33.0 


0.42 


0.47 


4.43 



[0079] The physical properties of the catalyst measured by method in example 1 are listed in Table 18. 



Table 18 



Surface Area m^/g 


Pore volume ml/g 


Attrition Resistant Index % 


Apparent Bulk 
Density g/ml 


Fresh 


Steaming 
SOO'^CMhrs 


Fresh 


Steaming 
800"C/4hrs 


Before pillaring 
reaction 


After pillaring 
reaction 




245 


130 


0.16 


0.16 


2.1 


3.2 


0.81 



30 [0080] Microactivity of the samples for cracking light gas oil was evaluated by MAT for light oil method in example 4 
with evaluation conditions of feedstock of Dagang light diesel oil (221-349*>G). reaction tenperature of 500 ''C, catalyst 
to oil ratio of 3.2. WHSV of 16 h***. The results were listed in Table 19. The catalytic activity of the samples for cracking 
heavy oil and the selectivities of isobutene and isoamylene are evaluated by microactivity test for cracking heavy oil in 
example 4 with evaluation conditions of Shengli vacuum paraffin feedstock with boiling range of 239-537°C, reaction 
35 temperature of 520*'C. catalyst to oil ratio of 3, WHSV of 16h~V The results are listed in table 20. Catalytic pyrolysis 
characteristics of the samples were evaluated by fluidized bed method in example 1 with evaluation conditions of mixed 
feedstock of 45% Daqing paraffin and 55%Daqing vacuum residual . average reaction temperature of 663 ''C, catalyst 
to oil of 15. WHSV of 1 0h~^ , water injection quantity to feedstock of 50%. The results are listed in table 21 . The samples 
were treated at 790**Cfor 14 hours with 100% steam before evaluation. 
40 [0081] The data in Table 17-21 indicate that although the content of zeolites in the catalysts was increased the pil- 
lared clay catalysts J of the present invention have stiil good attrition resistant index. Especially the catalysts have con- 
siderable high microactivity for cracking light oil and for cracking heavy oil in the FCC process, high isobutene and 
isoamylene yields in the h/laximizing isomeric olefin process, and high total conversion and C2 ~ C4 yiekJs in the cat- 
alytic pyrolysis process. The pillared day catalyst J containing ZRP-1 and Y both zeolites have catalytic activity hydro- 
ps thermal stability and olefin selectivity mach better than that of the catalyst only containing a ZRP-1 zeolite. 



Table 19 



Reaction TemperatureiSOO'^C 


Catalysts 


PIR Catalysts J contain- 
ing Y and ZRP-1 zeolites 


PIR Catalysts containing 
ZRP-1 zeolites 


Deactivating conditions 


Steaming 800'*C/4hrs 


Steaming 800'*C/4hrs 


Microactivity for light gas oil 


70 


60 
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• 



Table 20 





Reaction Temperature : 520**C 




5 


Catalysts* 


Conversion m% 


Product yield m% 


0 


lelin Yiek 










Gas 


gasoline 


LCO 


bottom 


coke 


iC4 


iCs 


liC; - 
iCs 


10 


PIR Catalyst J 
containing Y and 
ZRP1 zeolites 


77.5 


41.3 


32.9 


14.8 


7.7 


3.3 


6.2 


8.2 


14.4 


15 


PIR Catalyst con- 
taining ZRP-1 
zeolites 


71.6 


38.5 


29.6 


16.5 


11.9 


3.5 


6.2 


6.1 


12.3 



• The catalysts were deaclK/aled at SOOoC lor 4hoiirs with 100% steam. 



) 20 

Table 21 





Average Reaction Temperature: 663 •C 


25 


Catalysts 


PIR catalystJ containing 
ZRP-1 and Y zeolites 


PIR catalyst containing 
ZRP-1 zeolites 




Product yield ni% 








Dry gas 


29.22 


28.91 


30 


LPQ 


37.27 


36.69 




Gasoline 


12.47 


11.85 




Light cycle oil 


3.26 


3.93 




Slun^y 


1.45 


2.35 


35 


Coke 


16.33 


16.22 




Total 


100.00 


100.00 




Conversion ni% 


95.29 


93.72 


40 


Olefin yieki m% 








CI 


16.69 


16.47 




C3 


22.92 


22.32 




c; 


11.45 


11.79 


45 


ici -c; 


51.06 


50.58 



Clainis 



so 1. A class of pillared clay catalysts characterized in that: 

(1) Said catalyst compositions comprising pillared days of 30-75 wl%: inorganic oxide bonding agents of 10- 
40 wt %: high silicon zeolites with pentasil structure or Y- zeolites or their mixtures of 0-30 wt %: modiTication 
components of 0-10 wt % and Kaolin family clays as matrix of 0-50 wt %; 
55 (2) Wherein said pillared clays are aluminum pillared clays with high alkalize degree that are prepared by using 

a special polymerized aluminum chlorohydroxide or aluminum-sol with OH/AI mole ratk) up to around 2.5 as 
predecessor of propped pillars between adjacent two 2:1 day layers; 

(3) Wherein the said bonding agents are inorganic oxkJes formed by drying and calcinating sol and gel sub- 
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stance, which is selected from sol and gel substance containing aluminum or silicon or zirconium, or mixture 
thereof, or derivatives thereof modified by phosphorus-containing compounds or polyethylene glycol, or com- 
bination thereof; 

(4) Wherein said zeolites are ZRP series or 2SM-5 or Y zeofites or the mixtures from one or more of them 
thereof or these zeolites above mentioned after modification 

(5) Wherein said modification components Is a class of special substances whose predecessor is selected 
from a group of compounds consisting of Mg, Al, K, P, Sn or polyethylene glycol, or the mixtures or compounds 
thereof. 

2. The catalysts according to claim 1 , wherein said clays as starting raw for pillared clays are selected from a group 
consisting of rectorites or smectites or the mixtures thereof. 

3. The catalysts according to claim 1 wherein the said binding agents are inorganic oxides formed by drying and cal- 
cinating alumnium-sol or pseudoboemite-sol or gel or mixture thereof or derivatives thereof modified by polyethyl- 
ene glycol or phosphorus-containing compounds. 

4. A method for preparing the pillared clay catalysts according to daim 1 . characterized by comprising preparing spe- 
cial pillaring agents with high alkalized degree, mixing expandable clays with layered structure, predecessor sub- 
stances of bonding agents, zeolites, kaolinite matrix and deionized water to obtain a slurry, and then spray drying 
to form microspheric shapes, pillaring reaction and adding modHi cation components by the operations as follows: 

(1) Preparing pillaring agents with high alkalized degree by heating conventional Al-sol or commercially avail- 
able polymerized aluminum chlorohydroxide solution, which is diluted to a concentration of less than 1000, 
preferably less than 1 00 milligram-atom Al per liter, at 65-75 *»C for 1-3 hours and holding pH of 5.0-6.0 with the 
dropwise addition of NH4OH aqueous solution as need, thereby obtaining the pillaring agents with high alka- 
lized degree. 

(2) Mixing and slurring RE or Na-exchanged layered clays, predecessor substances of bonding agents, zeo- 
lites, kaolinite matrix and deionized water according to required ratio and then spray drying to form micro- 
spheric semi-finished products. 

(3) Pillaring the microspheric semi-finished products into the pillared clay catalysts by adding the semi-finished 
products to Al-pillaring agents with high alkalized degree (OH/AI ratio of around 2.5) according to load ratio of 
2.0-10.0 milligram atom aluminum per gram day. to carry out pillaring reaction by stirring the reaction mixtures 
at 65-75C for 2-3 hours, while holding pH of 5-6 with NH4OH aqueous solution, and filtering, washing and dry- 
ing by conventional methods, and calcinating at 65^0 for 1-3 hours. 

(4) Adding the modifying components durring the preparation process of the catalysts. 

5. A method according to daim 4 wherein said clays with layered structure are selected from a group consistsing of 
rectorites. smectites and mixtures thereof. 

6. A method according to claim 4 wherein said predecessor substances of the bonding agents are selected from a 
group consisting of sol or gel containing Al, Si. Zr or the matures thereof, or the derivatives of these sol or gel mod- 
ified by polyethylene glycol or compounds containing phosphorus. 

7. A method according to daim 4 wherein said predecessor substances of the bonding agents are preferably selected 
from a group consisting of aluminum-sol or pseudoboehmlte-sol or gel or mixtures thereof or the derivatives of 
those materials modified by polyethylene glycol or compounds containing phosphorus. 

8. A method according to claim 4 wherein said zeolites are selected from the ZRP series (commerdal name) or ZSM- 
5 or Y zeolite series or modified zeolites mentioned above or mixtures thereof. 

9. A method according to daim 4 wherein said Kaolinites are Halloysites from Kaolin family 

10. A method according to claim 4 wherein said aluminum pillaring agents with high alkalized degree (having a OH/AI 
gram mole ratio of around 2.5 ) are prepared by means of diluting the commercial polymerized aluminum chlorohy- 
droxide solution or Al-sol to a concentration of 10-100 mmol Al per litre and then heating the solution at 65-75*0 for 
2-12 hours while hokJing the pH of 5-6 with NH4OH aqueous solution, and followed by aging at room tenperature 
for 2-12 hours. 
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1 1 . A method according to claim 4 wherein the said modifying component refers to polyethylene glycol which is added 
either during the mixing and slurrying process before spray drying to form microspheric shapes or at pillaring reac- 
tion after spray drying; and the compounds containing Mg . Al , K . P and Sn or mixtures or compounds thereof used 
as modifying components, can be impregnared upon^he ZRP,series;)r ZSM-Spr^Y-t^pe zeolites, or upon the pil- 
lared clay catalysts alter pillaring reaction^and^"^l5in^^^ rjUFi J oh I 3 

12. The use of the products according to claim 1, characterized in that the said catalysts can be used as hydrocarbon 
conversion catalyst, Including as CPP-catalyst in catalytic pyrolysis process for converting heavy oil into ethylene 
propylene products, or as MIO-catalyst in the process for maximizing isomeric olefin production by cracking heavy 
oil feedstock to give maximum yields of isobutene and isomyalene products, and as FCC-catalyst in the fluid cata- 
lytic aacking process for cracking heavy oil into gasoline and light cyde oil. and as adsorbents or catalyst carriers. 
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